The main market for ostrich oil is in cosmetic preparations such as, moisturizing creams, body lotion, soap, and lip balm 23, 24 . Ostrich oil has been also used in the treatment of lesions, burns, contact dermatitis, eczema, psoriasis, dry skin, dry hair conditions, bed sores, and many other ailments 25, 26 . Meanwhile, it has been used as an ideal adjuvant cosmetics and pharmaceuticals owing to its excellent lubrication and emulsification properties 27 . The purpose of this study was to prepare ostrich oil based nanoemulsionwith enhanced anti-inflammatory efficacy.
METHODOLOGY 2.1 Materials
Ostrich oil purity 90.4 was purchased from Ocean Trading, Saudi Arabia. Isopropyl myristate IPM and Tween-80 were procured from Sigma Aldrich St. Louis, MO . Labrasol was purchased from Gattesfosse Lyon, France . Fresh distilled water was prepared in our laboratory and used throughout the experiment.
termination of existence of zone of NE 6, 7, 28, 29 . The oil phase, Isopropyl myristate, IPM was mixed with surfactant/co-surfactant Tween-80 / Labrasol, Smix in the mass ratios of 1:0, 1:1, 1:2 and 2:1, and mixture was titrated with double distilled water. The titration with water was continued until a clear, transparent and thermodynamically stable dispersion was formed. The volume of oil, Smix and water were noted. The ternary phase diagrams were plotted by using the volume of oil, Smix and water used in the experiment. The thermodynamically stable NE zone was selected from diagram and developed ostrich oil loaded NEs.
Preparation of NEs
Based on pseudo-ternary phase diagrams, the observed maximum nanoemulsion zones 1:1 Smix ratio was selected for the development of transparent and stable nanoemulsion of ostrich oil. Three formulae were selected for the development of nanoemulsion from the diagram of 1:1 mass ratio. For the development of nanoemulsion F1-F3 , the amount of ostrich oil 1 w/w was incorporated in varied range of oil IPM , 10-30 w/w andSmix kept constant at 30 w/w Table 1 .
Thermodynamic stability and emulsification evaluation
The physical form of a NEs mainly centered on its method of preparation and ratios of mixed, dispersed and continuous phase. Unstable formulation results in precipitation or phase separation upon addition of water. Thermodynamic stability of NEs was analyzed to select stable one among unstable NEs. The sample of NEs F1-F3 were centrifuged at 8000 rpm for half an hour and observed for any physical change, separation, cracking and coalescence. The NEs after centrifugation, further exposed to three cycles heating and cooling between 4 and 50 for 48 h, and again checked for physical change, separation, cracking and coalescence. The most stable NEs were further subjected to freeze thaw cycles at 21 and 25 for one day and checked for physical change, separation, cracking and coalescence, and most stable formulation was further used for in vivo studies. The self-nanoemulsification test were performed to check any phase separation upon dilution with different diluents like water, 0.1 N HCl and phosphate buffer pH 6.8 13, 28 6 . The morphology of an optimized NEs F2 was viewed by transmission electron microscope TEM JEOL TEM JEOL JEM 2100 F, USA .
In vivo anti-in ammatory studies
The carrageenan-induced anti-inflammatory studies of optimized nanoemulsion F2 were performed on male wistar rats 30 . Male Wistar rats, weighing 180-220 g were randomly selected and divided into 3 groups each containing 6 rats: without treatment control , pure ostrich oil, and optimized nanoemulsion F2 . The animals were 
RESULTS

Pseudo-ternary phase diagrams
Pseudo-ternary phase diagrams were plotted using IPM, Tween-80, Labrasol and water for the preparation of Ostrich oil based NEs Fig. 1 . A low NEs zone can be seen in the case of 1:0 without co-surfactant 32 . The maximum amount of IPM 11 w/w was solubilized by 80 w/w of Smix. In the case of Smix ratio, 1:2, the amount of Labrasol/ co-surfactant was increased with respect to Tween-80/surfactant, a increased in NEs zones could be seen as compared to 1:0 ratio Fig. 1C . The maximum amount of IPM 17 w/w was solubilized by Smix 65 w/w in 1:2 Smix ratio. However, in the case of 1:1 Smix ratio, a transparent and stable NEs zones were formed significantly as compared to other Smix ratio Fig. 1B . The maximum amount of IPM 30 w/w was solubilized by Smix 42 w/w in this ratio. In other case, a decreased NEs zone was observed in Smix 2:1 ratio as compared to 1:1 Smix ratio Fig.  1D , the maximum amount of IPM 20 w/w that was solubilized by Smix 50 w/w .
Thermodynamic stability and emulsification evalua-
tion Thermodynamic stabilitystudies were performed to exclude any unstable formulation among stable NEs of ostrich oil. All the developed NEs F1-F3 of ostrich oil were found stable after centrifugation, heating & cooling cycles and freeze thaw cycles. Self-nanoemulsification tests were performed to check any separation /or precipitation after dilution with different diluents. It was revealed that NEs F2 passed the test with excellent grade A after dilution with water, 0.1N HCl and phosphate buffer. However, F1 and F2 NEs passed the emulsification test with low grade B and C respectively Table 2 . 
Physicochemical Characterization of NEs
The values obtained for physicochemical characterization of developed NEs of ostrich oil F1-F3 are documented in Table 3 . 
In vivo anti-in ammatory studies
The anti-inflammatory activity of optimized ostrich oil based NEs F2 was compared with pure ostrich oil. The results of this study waspresented in Fig. 3 . The percent oedemainhibiton of F2 NEs was found to be increased upto the time 3 h. The maximum inhibitionsof 63.61 and 45.92 were observed at 3 h for NEs F2 and pure ostrich oil, respectively 13, 33 .
DISCUSSION
The purpose of this study was to improve the performance of the ostrich oil in respect of anti-inflammatory efficacy. There is not a single research has been reported regarding the preparation of nanoemulsion of ostrich oil. NEs could be a novel alternative to enhance the efficacy and enable the possible topical delivery of ostrich oil. In this The maximum viscosity of NEs F3 was found 47.5 cp, probably due highest amount of IPM used in this formulation. The maximum transmittance was measured in F1 NEs. The transmittance of the formulation decreased with increased in concentration of IPM in formulation.
With regards to all characterization, the NEs F2 was optimized and further subjected to TEM and anti-inflammatory studies. The TEM images of the Optimized NEs F2 were taken and size was found in accordance with DLS measurement. The anti-inflammatory activity of NEs F2 was also found significantly p 0.005 higher at 24 h as compared to pure ostrich oil. The enhanced anti-inflammatory efficacy of optimized NEs F2 was probably due to presence of surfactant and co-surfactant that causes rapid absorption Fig. 3 .
CONCLUSION
Based on the above investigations, it was concluded that ostrich oil based nanoemulsions successfully developed using pseudo-ternary phase diagram with the optimum thermodynamic stability, nanoemulsifying potential, mean droplet size, PDI, ZP, viscosity, RI and transmittance. The optimized nanoemulsion F2 exhibited significant anti-inflammatory activity in rats. The results of this study clearly indicated the capacity of nanoemulsion for topical delivery of ostrich oil for enhancing its anti-inflammatory effects in rats.
